Characterization of a mitochondrial ORF from the gender-associated mtDNAs of Mytilus spp. (Bivalvia: Mytilidae): identification of the "missing" ATPase 8 gene.
Bivalve species are characterized by extraordinary variability in terms of mitochondrial (mt) genome size, gene arrangement and tRNA gene number. Many species are thought to lack the mitochondrial protein-coding gene atp8. Of these species, the Mytilidae appears to be the only known taxon with doubly uniparental inheritance of mtDNA that does not possess the atp8 gene. This raises the question as to whether mytilids have completely lost the ATP8 protein, whether the gene has been transferred to the nucleus or whether they possess a highly modified version of the gene/protein that has led to its lack of annotation. In the present study, we re-investigated all complete (or nearly complete) F and M mytilid mt genomes previously sequenced for the presence of conserved open reading frames (ORFs) that might code for ATP8 and/or have other functional importance in these bivalves. We also revised the annotations of all available complete mitochondrial genomes of bivalves and nematodes that are thought to lack atp8 in an attempt to detect it. Our results indicate that a novel mytilid ORF of significant length (i.e., the ORF is >85 amino acids in length), with complete start and stop codons, is a candidate for the atp8 gene: (1) it possesses a pattern of evolution expected for a protein-coding gene evolving under purifying selection (i.e., the 3rd>1st>2nd codon pattern of evolution), (2) it is actively transcribed in Mytilus species, (3) it has one predicted transmembrane helix (as do other metazoan ATP8 proteins), (4) it has conserved functional motifs and (5), comparisons of its amino acid sequence with ATP8 sequences of other molluscan or bivalve species reveal similar hydropathy profiles. Furthermore, our revised annotations also confirmed the mt presence of atp8 in almost all bivalve species and in one nematode species. Our results thus support recognizing the presence of ATPase 8 in most bivalves mt genomes (if not all) rather than the continued characterization of these genomes as lacking this gene.